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Abstract 

The quality of surface finish in turning is an important requirement since mechanical failure 
of engineering materials starts at the surface. To optimizing cutting parameters is very 
important to get high surface finish that reduce mechanical failures caused by wear, 
corrosion and any other factors as well. Increasing productivity of machining is another 
factor, in this research project double tool turning on AISI 1045 steel material was 
conducted. A ceramics inserted cutting tool was used and economical comparison of dry and 
wet machining were also investigated showing that dry machining was effective to reduce 
additional machining costs regardless of surface finish under cutting fluid.  In both cases 
investigation on surface finish, material removal rate, tooltip temperature was analyzed in 
detail. Optimization of cutting parameters was made using Taguchi L9 orthogonal array 
design of the experiments.  Analysis of Variance (ANOVA) was also determined for both 
machining conditions. The results obtained were high contribution of cutting speed, feed, first 
depth of cut and second depth of cut were 72.57%, 23.02%, 2.8% and 1.6% respectively. 
During wet machining percentage contribution of cutting speed, feed, first depth of cut and 
second depth of cut were 49%, 21.5%, 9.8% and 19.6% respectively. Among the cutting 
parameters; cutting speed was the most significant factor for improving surface roughness in 
both cutting conditions. The lowest surface roughness attained for optimum cutting 
parameter was 1.02µm in dry turning conditions and 0.81µm for wet turning conditions. The 
results showed that in wet machining, a maximum of 38.1 %, and a minimum 3.9 % 
reductions were investigated in surface roughness when compared with dry machining. This 
reveals that wet machining improved the surface finished during double tool turning 
operations. Material removal rate was high due to double tool turning implemented. 
Keywords: AISI 1045 Steel, Material Removal Rate, Surface Roughness, Taguchi Method. 
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1. Introduction and Literature Review
The concept of double cutting tool turning is to use two single-point cutting tools rather than 

one for turning the same shaft. The second tool should be mounted on the additional tool post 

and the additional tool post is fitted on the same carriage and mounted on the same lead 

screw as the first one. Figure below shows that to the schematic representation of the two 

cutting tools working simultaneously on a single workpiece. (Trikal et al., 2016).  

Dhar et al. (2007) investigated experimentally the effect of minimum quantity lubrication in 

machining AISI 1040 steel. This study compares the mechanical performance of MQL to 

completely dry lubrication for the turning of AISI 1040 steel based on experimental 

measurement of cutting temperature, chip reduction coefficient, cutting forces, tool wears 

surface finish and dimensional deviation. Results indicated that the use of near dry lubrication 

leads to lower cutting temperature and cutting force, favorable chip–tool interaction, reduced 

tool wears surface roughness and dimensional deviation. Minimum quantity lubrication 

enabled a sizeable reduction in the cutting zone temperature and favorable change in the 

chip–tool and work–tool interactions, which helped in reducing friction, built-up edge 

formation, thermal distortion of the work, and wear of the cutting tool. MQL reduced the 

cutting forces by about 5–15%.  

Cakir et al. (2007) In this work presented the effects of cutting parameters (cutting speed, 

feed rate, and depth of cut) onto the surface roughness through the mathematical model 

developed by using the data gathered from a series of turning experiments performed. Two 

types of inserts Insert -1 (CVD coated (TiCN + Al2O3 + TiN)) and Insert -2 (PVD coated 

(TiAlN)) having the same geometry and substrate but different coating layers were used in 

the experiments and the effects of two coating layers as well as the cutting parameters onto 

the surface roughness were investigated. Total average errors of 4.2% and 5.2%, respectively, 

for Insert 1 and Insert 2, indicate the reliability of the surface roughness model generated. 

And among the cutting parameters, feed rate has the greatest influence, followed by cutting 

speed. Higher feed rates lead to higher surface roughness values, whereas cutting speed has a 

contrary effect and cutting depth has no significant effect. Considering the dissimilar 

behaviors of the two insert types against cutting speed, another study can be carried out 

concerning the tool life. 

Bhushan et al. (2010) In this study, investigate the influence of cutting speed, depth of cut, 

and feed rate on surface roughness during machining of 7075 Al alloy and 10 wt.% SiC 

particulate metal-matrix composites. The experiments were conducted on a (Computer 
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Numerical Control) CNC turning machine using tungsten carbide and polycrystalline 

diamond (PCD) inserts. Surface roughness of 7075Al alloy with 10 wt.% SiC composite 

during machining by tungsten carbide tool was found to be lower in the feed range of 0.1 to 

0.3 mm/rev and depth of cut (DOC) range of 0.5 to 1.5 mm as compared to surface roughness 

at other process parameters considered. Above cutting speed of 220 m/min surface roughness 

of SiC composite during machining by PCD tool was less as compared to surface roughness 

at other values of cutting speed considered. Wear of tungsten carbide and PCD inserts was 

analyzed using a metallurgical microscope and scanning electron microscope. Flanks wear of 

carbide tool increased by a factor of 2.4 with the increase of cutting speed from 180 to 240 

m/min at a feed of 0.1 mm/rev and a DOC of 0.5 mm. On the other hand, flanks wear of PCD 

insert increased by only a factor of 1.3 with the increase of cutting speed from 180 to 240 

m/min at a feed of 0.1 mm/rev and Depth of Cut (DOC) 0.5 mm. 

Karthik et al. (2020) optimize cutting parameters for surface roughness during dry hard 

turning of EN 31 bearing steel using (Cubic Boron Nitride) CBN insert The hard-turning 

experiments were done for EN31steel bearing bush using CBN inserts. The effect of the 

cutting parameters on the surface roughness was studied and optimum cutting conditions 

were obtained. The conclusions are based on the Taguchi design of experiments and 

ANOVA. The surface roughness of EN31 steel increases with the increase in feed for all the 

different values of cutting speed and depth of cut. Therefore, feed is the most influencing and 

dominant parameter for the improvement of surface roughness. Optimum cutting parameters 

for achieving the minimum surface roughness were obtained from the Taguchi L9 Orthogonal 

array and main effect plots and they are cutting speed(v) = 100 m/min, Feed(f) = 0.04 

mm/rev and Depth of cut(d) = 0.2 mm. 

Sahijpaul (2013) Determining the Influence of Various Cutting Parameters on Surface 

Roughness during Wet CNC Turning of AISI 1040 Medium Carbon Steel. The purpose of 

this experimental investigation was to analyze the effect of controlled cutting parameters 

namely cutting speed, feed rate, depth of cut, cutting fluid concentration and two cutting 

fluids with different base oils on surface roughness (Ra) of EN8 or AISI 1040 steel during 

turning operation by applying design of experiments, custom design method, analysis of 

variance, leverage plots and desirability profiling using JMP software to optimize surface 

roughness during wet CNC turning operation. The analysis reveals that feed rate has the most 

significant effect on surface roughness (Ra) and the value of surface roughness does not 

significantly differ for two different cutting fluids used. 
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Syed Irfan et al. (2019) Optimization of machining parameters in CNC turning of en45 by 

Taguchi’s orthogonal array experiments. In this study, the Taguchi method and regression 

analysis has been used to optimize the machining parameters during the CNC turning of EN-

45 spring steel by a plain carbide cutting tool. Experiments were designed and conducted by 

L18- orthogonal array. The surface roughness and material removal rate were optimized by 

considering cutting speed, feed rate and depth of cut as machining parameters. The ANOVA 

was obtained using Minitab 17 statistical software. A comparison between dry and wet 

machining is done after the ANOVA and regression analysis. For surface roughness, the 

speed and feed was directly proportional while DOC is inversely proportional. i.e.; with an 

increase in DOC, Ra decreases. In the case of MRR, all three parameters were found to be 

proportional, i.e.; with the increase in speed, feed and DOC the MRR increased. 

Shahid (2020) Optimization of turning process parameters in machining heat treated steel. In 

the present work, an experimental approach on turning studies the process parameters that are 

affecting the machining performance and productivity of Plain Turning. The design of 

experiments is based on Taguchi’s L9 orthogonal array. The machining parameters are 

Speed, Feed Rate and Depth of Cut, which is optimized for maximum material removal rate 

(MRR) and minimum Surface Roughness during turning of Heat Treated Steel (EN-9). It 

shows that feed is the most crucial factor for material removal rate with a contribution of 

40.99% while the depth of cut is the second most dominating parameter with a contribution 

of 36.90%. It is also observed that cutting speed is the least influencing parameter for MRR 

and contributes only 11.40% towards it. It depicts that speed is the major dominating turning 

parameter for the roughness of the surface machined and contributes 54.87%. It is followed 

by depth of cut with a contribution of 35.80%. Feed rate is found to be the least influencing 

parameter with only 5.38% contribution towards surface roughness. 

2. Materials and Methods

Thorough out literature survey helped in the proper selection of workpiece material, input 

factors, methodology, cutting fluid. In this study, the experiments are carried out using a 

proper selection of orthogonal array considering the cutting parameters i.e. cutting speed, 

feed and depth of cut. Signal to Noise Ratio and Analysis of Variance is employed to study 

the performance characteristics for the selected control factors at three different levels, under 

dry and wet machining conditions for AISI 1045 steel turning operations by using a 

conventional lathe machine tool.  
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The tooling fixture used in this experiment was manufactured from (66cm*83.5cm*117cm) 

stock size High Carbon Steel by using a milling machine. And used to mount the lathe's tool 

post solidly. The tooling fixture features a grooved section with a 32cm*60cm dimension and 

M10 hole on the top side plate with an equal distance between them for mounting the cutting 

tool. 

`` 

Fig.1 Detailed multiview drawing and isometric view of the tool holder 

Fig. 2 Photo of the cutting tool holder (a) raw part and (b) machined 

The workpiece material employed in this experiment was AISI 1045 steel and was used for 

turning operations at different cutting parameters during dry and wet machining conditions in 

the double cutting tool. AISI 1045 steel is in the form of a round bar with 40mm in diameter, 

500mm in length and hardness of 55HRC (Rockwell hardness) was chosen.  

Table1: Chemical composition of AISI 1045 steel from spectrometer testing 

Content C Mn S P Si Ni Cr 

Weight 
percentage 

0.45 0.60 0.009 0.011 0.30 0.08 0.07 

(a) (b) 
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For the present study, the cutting tool used Al2O3–TiC ceramic insert containing 77% Al2O3, 

21% TiC, and 2% other material was used with ISO (International Organization for 

Standardization). The specification of ceramics insert is TNGA160408 with tool holder of 

MTJNR2020M10. According to the orthogonal rake system of tool geometry definition, the 

used tool insert possessed -6°, -6°,6°,6°,30°,0°, and 0.8mm tool signature. These values are 

for inclination angle, orthogonal rake angle, orthogonal clearance of the principal flank, 

auxiliary orthogonal clearance, auxiliary cutting-edge angle, principal cutting-edge angle and 

nose radius of tool insert, respectively.  

Fig.3 Ceramics cutting tool insert 

In this experimental investigation used Aquatex 3180 is a general-purpose water soluble oil, 

formulated for use in a wide variety of machining operations. Aquatex 3180 forms a very 

stable emulsion, even with relatively hard water. Aquatex 3180 forms a milky white emulsion 

when mixed with water for use in water with total hardness up to 200 mg/L and always add 

oil to water (not water to oil). A 10% natural oil and 90% water mixture is currently being 

used for the experimental study. 

The double cutting tool operation was conducted mainly on conventional lathe machine, 

Model: CM160 powered by a 7.5KW motor with spindle speed range of 36 up to 1600 rpm.  

The equipment used to measure the surface roughness was a contact type Model 65711, 

reading distance range is 0.6mm and maximum roughness scale is 10𝜇m. surface roughness 

(Ra) data were taken at three different locations, 120o from each other then finally taken the 

average values.  

Optical Emission Spectroscopy (OES) analysis, is a rapid method for determining the 

elemental composition of a variety of metals and alloys. For this experiment was used for 

identifying the chemical composition of workpiece material. 
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Table 3: The experimental design of the cutting parameters by Minitab 17. 

No 
Input Process Parameters 

Cutting 
speed(mm/rev) 

Feed(mm) First depth 
of cut(mm) 

Second depth 
of cut(mm)  

1 90 0.05 0.15 0.05 

2 90 0.10 0.20 0.10 

3 90 0.15 0.25 0.15 

4 120 0.05 0.20 0.15 

5 120 0.10 0.25 0.05 

6 120 0.15 0.15 0.10 

7 150 0.05 0.25 0.10 

8 150 0.10 0.15 0.15 

9 150 0.15 0.20 0.05 

A thermocouple is a sensor that measures the temperature of the cutting tooltip during dry 

machining of AISI 1045 steel in a double cutting tool turning operation. During measuring 

the cutting tool tip temperature first contact the temperature sensor with the cutting tooltip at 

the measuring dimensional range of workpiece is initial from 0mm up to 5mm, at medium 

part from 10mm up to 20mm and finally measure from 25mm up to 30mm length of 

machined workpiece for all nine experiment. In this study, the temperature generated at the 

cutting tool tip is measured for each of nine experiments using a contact-type temperature 

tester shown in figure 4. 

Fig.4 Tooltip temperature measurement 
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3. Results and Discussions

This experimental work was conducted to evaluate the effect of main cutting parameters on 

the surface quality, material removal rate, tooltip temperature and chip morphology of AISI 

1045 steel material during the double tool turning process under dry and with cutting fluid 

machining. After completing the machining operation, the response parameters were 

measured. The outcome results for each experiment were discussed in this chapter in detail. 

The response results from experimental investigation carried out by orthogonal array are 

analyzed using Taguchi methods were to identify the optimum cutting parameters and the 

most influential cutting parameters on surface finishing.   

All nine experiments conducted with different cutting parameters but with constant length of 

cut 30mm and diameter of the workpiece prepared for experimental study is 40mm. This 

experimental investigation on double tool turning process of AISI 1045 steel during dry and 

with cutting fluid machining operations was performed at various spindle speeds (90m/min, 

120m/min, 150m/min), at a feed of (0.05mm/rev, 0.10mm/rev, 0.15 mm/rev) and the first and 

second depth of cut was taken as (0.15mm, 0.20mm, 0.25mm) and (0.05mm, 0.10mm, 

0.15mm) respectively. Optimize the cutting parameters for dry and with cutting fluid 

machining in double tool turning process has been performed separately on the conventional 

lathe machine model: COMEV CM160 for surface roughness. Sample after double tool 

turning process of AISI 1045 steel in both machining conditions are given in Figure 5 

Fig.5 Samples after turning process for both operations 

Optimization of Cutting Parameters in Dry Turning 

The main focus of the work was on the investigation and optimization of cutting parameters 

for turning of AISI 1045 steel material using the Taguchi L9 orthogonal array method 
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Table 4: Machining parameters and their levels for dry machining 

Cutting Parameters Level 1 Level 2 Level 3 

A - Cutting speed (m/min) 90 120 150 

B – Feed (mm/rev) 0.05 0.10 0.15 

C – First depth of cut (mm) 0.15 0.20 0.25 

D – Second depth of cut (mm) 0.05 0.10 0.15 

Experimental Values of Surface Roughness 

Measurements of surface roughness (Ra) data were taken at three different locations, 120o 

from each other, on the machined surface using a surface roughness tester (profilometer), and 

the average values were recorded. The measured experimental results of mean values of 

surface roughness for each trial experiment are illustrated in Table 4. Optimization of the 

cutting parameters for both cutting conditions has been performed separately. For surface 

roughness analysis the smaller-the-better performance characteristics were used. Therefore, 

in this case, Average Surface Roughness (Ra) and Signal to Noise Ratio (S/N) is defined as: 

 Avg. 𝑅𝑎 = 𝑅1+𝑅2+𝑅1
3

 (1) 

Where Ra-Average surface roughness, R1, R2 and R3 are the first, second and third trial test 

of surface roughness value 

𝜂 = −10 log( 1
𝑛
∑ 𝑅𝑗2)3
𝑗=1    

Where η is the S/N ratio, n is the number of trial test in each experiment, Rj is the observed 

data and j is the number of the trial test.  

Table 5: Experimental results during dry turning process 

No 
Cutting Parameters Surface 

roughness(µm) 
S/R 

Speed 
(m/min) 

Feed 
(mm/rev) 

First depth 
(mm) 

Second 
depth (mm) 

1 90 0.05 0.15 0.05 1.52 -3.63687 

2 90 0.10 0.20 0.1 1.33 -2.47703 

3 90 0.15 0.25 0.15 1.67 -4.45433 
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4 120 0.05 0.20 0.15 1.64 -4.29688 

5 120 0.10 0.25 0.05 1.42 -3.04577 

6 120 0.15 0.15 0.1 1.61 -4.13652 

7 150 0.05 0.25 0.1 1.31 -2.34543 

8 150 0.10 0.15 0.15 1.02 -0.17200 

9 150 0.15 0.20 0.05 1.27 -2.07607 

Fig.6 Number of experiments Vs Average surface roughness 

Figure 6 shows that at experiment number seven, eight and nine, the maximum cutting speed 

(150m/min) was used, the result was indicated that the lowest value of surface roughness 

obtained this means cutting speed significantly determined the value of surface roughness.  

Interaction Effect 

As shown from figure 4.4 at medium feed (0.1mm/rev) was obtained best surface roughness. 

As increasing feed from 0.05mm/rev to 0.1mm/rev, the surface roughness was decreased 

from 1.52µm to 1.33µm, at cutting speed of 90m/min, decreased from 1.64 µm to 1.42µm at 

cutting speed of 120m/min and decreased from 1.31µm to 1.02µm at cutting speed of 

150m/min. Then as feed increased again from 0.1mm/rev to 0.15mm/rev surface roughness 

was increased to 1.67 µm at cutting speed of 120m/min, 1.61µm at cutting speed of 

120m/min and 1.27µm at cutting speed of 150m/min. 
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Fig.7 Shows the effect of feed on surface roughness 

From Figure 7 for first depth of cut, as the depth of cut is increased from 0.15 mm to 0.2mm 

the surface roughness was increased at 120m/min from 1.61µm to 1.64µm, also increase at 

150m/min from 1.02µm to 1.27µm and decreased at 90m/min from 1.52µm to 1.33µm, but 

surface roughness increased when the depth of cut was increased to 0.25mm at cutting speed 

of 90 m/min increased to 1.67µm and also at cutting speed of 150m/min increased to 0.31µm 

but at cutting speed of 120m/min decreased to 1.42µm as shown from the figure. 

Fig.8 Shows the effect of first depth of cut on surface roughness 

Figure 8 shows the effect of second depth of cut on surface roughness as the depth of second 

cutting tool is increased from 0.05mm to 0.1mm the surface roughness was decreased to 

1.33µm at cutting speed of 90m/min, but  surface roughness increased to 1.61µm at cutting 

speed of 120m/min and 1.33µm at cutting speed of 150m/min. when the second depth of cut 

was increased to 0.15mm surface roughness is decreased to 1.02µm at 150m/min and 

increased to 1.67µm, 1.64µm at cutting speed of 90 m/min, 120m/min respectively.  
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Fig.9 Shows the effect of second depth of cut on surface roughness 

From Figure 9 shows the effect of cutting speed on surface roughness at different feed of 

0.05mm/rev, 0.1mm/rev and 0.15mm/rev. As increasing cutting speed from 90m/min to 

120m/min the surface roughness also increases at 0.05mm/rev and 0.1mm/rev of feed and 

slowly decreases at 0.6mm/rev feed. As increasing cutting speed from 120m/min to 

150m/min the surface roughness is decreased at 0.05mm/rev, 0.1mm/rev and 0.15mm/rev of 

feed. From this the increase in cutting speed results in decrease of surface roughness at 

maximum cutting speed and improves surface quality.  

Fig.10 Shows the effect of cutting speed on surface roughness 

Optimization of Cutting Parameters in Wet Turning 

Used the same cutting parameters for both cutting conditions, finally compared the obtained 

result. The cutting parameters and their levels were given in Table 4.8 below. 
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Table 6: Machining parameters and their levels 

Cutting Parameters Level 1 Level 2 Level 3 

A - Cutting speed (m/min) 90 120 150 

B - Feed (mm/rev) 0.05 0.10 0.15 

C - Primary depth of cut (mm) 

D - Secondary depth of cut(mm) 

0.15 

0.05 

0.20 

0.10 

0.25 

0.15 

Experimental Values of Surface Roughness. 

Table 7: Experimental results for mean and signal to noise ratio. 

No 

Cutting Parameters 
Surface 

Roughness (µm) 

S/R 
Speed 

(m/min) 

Feed 

(mm/rev) 

Depth-1 

(mm) 

Depth - 2 

(mm) 

1 90 0.05 0.15 0.05 1.03 -0.34 

2 90 0.10 0.20 0.10 1.08 -0.80 

3 90 0.15 0.25 0.15 1.12 -0.99 

4 120 0.05 0.20 0.15 1.11 -0.94 

5 120 0.10 0.25 0.05 1.22 -1.85 

6 120 0.15 0.15 0.10 1.04 -0.57 

7 150 0.05 0.25 0.10 0.81 1.65 

8 150 0.10 0.15 0.15 0.98 0.16 

9 150 0.15 0.20 0.05 0.82 1.49 
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From the Figure 7 the minimum surface roughness value was found to be at the experiment 

number seven was 0.81μm whereas the maximum surface roughness value found at the 

experiment number five was 1.22μm. 

Figures 11 illustrate the relationships between surface roughness and several experiments in 

double cutting tool turning of AISI 1045 steel during machining with cutting fluid. As shown 

from the figure 4.10 the irregular tendency of surface roughness values explained by the 

randomized distribution of cutting parameters due to the design of the experiment. In this 

figure it can be seen, that surface roughness decreased with increasing cutting speed at 

experiment number eight the smallest value of surface roughness was observed due to 

maximum cutting speed (150m/min). The highest value of surface roughness has been 

obtained at experiment number five due to minimum cutting speed (120rpm) of cutting speed. 

Fig.11 Minimum and maximum surface roughness 

Interaction Effect 

Combined effect is clearly shows that a variation of surface roughness at different cutting 

parameters. Figure 12 Shows the effect of cutting speed on surface roughness at a different 

feed. As increasing cutting speed from 90m/min to 120 m/min the surface roughness also 

increased at both constant feed of 0.05 mm/rev and 0.1 mm/rev. But at 0.15mm/rev feed the 

surface roughness was decreased with increasing cutting speed from 90m/min to 150m/min 

and then cutting speed is further increased to 150m/min the surface roughness value is 

decreased at 0.05mm/rev and 0.1mm/rev. The result indicates that by increasing cutting 

speed, the surface finish can be improved. It is because the occurrence of Built-Up Edge 

(BUE) is very rear when machining a material at high cutting speeds. During machining at 
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low cutting speed the material that machined is being pressure welded to the cutting tool this 

is affect the quality of surface finish.

Fig.12 Shows the effect of cutting speed on surface roughness 

As observed from Figure 13 shows that the effect of feed, and cutting speed on surface 

roughness (Ra) at feed increased from 0.05mm/rev to 0.1mm/rev the value of surface 

roughness also increased. When feed is increased to 0.25mm/rev surface roughness is also 

increased at cutting speed of 90m/min, but decrease at cutting speed of 120m/min and 

150m/min. 

Fig. 13 Shows the effect of feed on surface roughness at different speed 

From figure 14 observed that as the first depth of cut is increased from 0.15 mm to 0.2 mm 

the surface roughness was increased at 90m/min and 120m/min, and decreased at 150m/min. 

when further increased to 0.15mm the surface roughness is continuously decreased at 

120mm/rev cutting speed and decreased at cutting speed of 150mm/rev cutting speed. 
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Fig.14 Shows the effect of primary depth of cut on surface roughness. 

From Figure 15 shown that as increasing secondary depth of cut from 0.05 mm/rev to 0.1 

mm/rev, the surface roughness was decreased at cutting speed of 120m/min and 150m/min, 

but increased at cutting speed of 90m/min. When second depth of cut further increased to 

0.15mm the value of surface roughness increased at the given three cutting speeds.  

Fig. 15 Shows the effect of secondary depth of cut on surface roughness. 

The variation of surface roughness with respect to the cutting parameters indicates that the 

surface roughness fluctuated for various cutting speed, feed rate, and depth of cut. As 

observed from the result surface roughness was better at high spindle speed, so the influence 

of cutting speed on surface roughness was highly significant. 

  Analysis of Material Removal Rate  
Material removal rate (MRR) is the amount of material removed per unit time. MRR in metal 

cutting is a volume of chips removed in one minute, and it is measured in a three dimensional 

quantity. MRR is also a measure of productivity of metal cutting. Such volume is based on 

the area of a circular ring of a cylinder and its length of cut. The number of materials 
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removed during the double tool turning process of AISI 1045 steel for each experiment is 

calculated. In the present investigation, the following formula has been used to compute the 

material removal rate. 

Material Removal Rate (MRR) = Vc x f x ap ,  

Where Vc: -Cutting speed 

f: -feed 

ap: - total depth of cut. 

As observed from Table 8 below and Figure 4.20 material removal rate is maximum at 

experiment number nine (Vc = 90m/min, f = 0.05mm/rev, d1 = 0.2mm and d2 = 0.05mm) and 

minimum material removal rate is obtained at experiment number one (Vc = 150m/min, f = 

0.15mm/rev, d1 = 0.15mm and d2 = 0.05mm). Material Removal Rate (MRR) is important 

for increasing the productivity of machining operations by increasing the amount of chips 

removed from the machined workpiece or product. 

Table 8: Material removal rate 

Exp.
No 

Speed 
(mm/sec) 

Feed 
(mm/rev) 

Depth-1
(mm) 

Dept-2
(mm) 

MRR 
(mm3 /sec) 

S/R 
Ratio 

1 1,500 0.05 0.15 0.05 15 20.1720 

2 1,500 0.1 0.2 0.1 45 31.6526 
3 1,500 0.15 0.25 0.15 90 40.1720 

4 2,000 0.05 0.2 0.15 25 31.5498 
5 2,000 0.1 0.25 0.05 70 35.9868 

6 2,000 0.15 0.15 0.1 75 29.9662 
7 2,500 0.05 0.25 0.1 35 35.9037 
8 2,500 0.1 0.15 0.15 75 25.8007 

9 2,500 0.15 0.2 0.05 93.75 41.3637 

Machining parameter optimization is highly necessary. Based on experimental outcomes, the 

material removal rate obtained at the optimum cutting parameters which as 75mm3/sec in dry 

turning and 35mm3/sec during machining with cutting fluid. Since the optimum cutting speed 

at which best surface finish obtained is at highest level values at this level. maximum amount 

of MRR which was obtained 93.75mm3/sec. 
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As observed from Figure 16 material removal rate was affected by feed, while increasing 

feed, the material removal rate was increased and also the material removal rates increase 

with an increase in cutting speed. Generally, the higher feed was achieved higher material 

removal rate. From this feed was the main significant factor for improving rate of 

productivity during double tool turning of AISI 1045 steel. 

Fig.16 Variation of MRR during the experiment 

Figure 17 shows the effect of feed, and cutting speed on material removal rate. As increasing 

cutting speed from 90 m/min to 150 m/min the material removal rate also increases at 

constant feed 0.05 mm/rev and 0.1 mm/rev. But at 0.15mm/rev of feed the material removal 

rate was decreased initially with increasing cutting speed from 90 m/min to 120 m/min and 

then increased when cutting speed was increased to 150 m/min.  

0

20

40

60

80

100

1 2 3 4 5 6 7 8 9

M
R

R
 (m

m
3 /s

) 

Number of experiment 

0

20

40

60

80

100

0.05 0.1 0.15

M
R

R
 (m

m
3 /s

ec
) 

Feed (mm/rev) 

90m/min
120m/min
150m/min

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 9, September 2021
ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72

www.ijiset.com

88



Fig.17 Effect of fed on MRR 

Fig.18 Effect of cutting speed on MRR  

As observed from Figure 19 when first depth of cut is increased from 0.15mm to 0.2mm the 

material removal rate is increased at 0.05mm/rev and 0.15mm/rev feed but decrease at 

0.1mm/rev. And first depth of cut further increased to 0.25mm the material removal rate was 

increased at 0.15mm/rev and 0.1mm/rev but decreased at 0.15mm/rev. from figure 4.21 

concluded that, at feed of 0.15mm/rev the amount of material removal rate is continuously 

increased.  

Fig.19 Effect of primary depth of cut on MRR 

Figure 20 shows that the effect of secondary depth of cut on material removal rate (MRR) in 

double tool turning operations at different feed. When second depth of cut increased from 

0.05mm to 0.1mm the MRR is increased at 0.05mm/rev of feed and decreased at 0.1mm/rev 

and 0.15mm/rev of feed respectively. And then depth of cut is increased to 0.15mm MRR is 

increased at 0.05mm/rev and 0.1mm/rev feed respectively.  
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Fig.20 Effect of secondary depth of cut on MMR. 

As observed from the analysis material removal rate was affected by cutting speed, feed, and 

both depth of cut. While increasing cutting parameters, the material removal rate was 

increased. The higher cutting parameters the higher the material removal rate achieved. 

Maximum material removal rate obtained the optimum material removal rate is at experiment 

number nine (93.8mm3/sec) at this trial the value of cutting parameters were 150m/min 

cutting speed, 1.15mm/rev feed, 0.2mm first depth of cut and 0.05mm second depth of cut. 

Analysis of Cutting Tooltip Temperature 

During the external turning process, the heat was generated due to friction created between 

the cutting tool and workpiece. The quantity of heat produced during the machining process 

varies with the type of workpiece material being machined, cutting parameters used and 

machining conditions. The turning of AISI 1045 steel using a ceramics tool was characterized 

by the moderate temperature at the tooltip. Table 4.17 presents the obtained temperature for 

various cutting parameters at tooltip during dry turning. 

Table 9: The measured temperature at tooltip 

Exp.

No 

Cutting speed 

(m/min) 

Feed 

(mm/rev) 

Depth -1 

(mm) 

Depth-2 

(mm) 

Aver. To(oC) 

Tool-1 Tool-2 

1 90 0.05 0.15 0.05 46.5 44.4 

2 90 0.10 0.20 0.1 51.3 48.2 

3 90 0.15 0.25 0.15 62.1 56.8 

4 120 0.05 0.20 0.15 68.1 60.4 
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5 120 0.10 0.25 0.05 69.8 68.2 

6 120 0.15 0.15 0.1 64.2 60.1 

7 150 0.05 0.25 0.1 80.3 72.3 

8 150 0.10 0.15 0.15 67.5 66.3 

9 150 0.15 0.20 0.05 75.5 72.1 

As observed from Table 9 and Figure 21 the tooltip temperature readings were taken the 

average reading. The maximum average temperature 80.30C for fist cutting tool and 72.30C 

for second cutting tool was founded at experiment number seven on the machining 

parameters were 50m/min cutting speed, 0.05mm/rev feed, 0.25mm first depth of cut and 

0.1mm second depth of cut. The minimum temperature was obtained at experiment number 

one 46.50C and 44.40C for first and second cutting tools respectively, on the cutting speed 

(30m/min), feed (0.05mm), first depth of cut (0.15mm) and second depth of cut (0.05mm) 

machining parameters. Figure 4. 24 confirms the same thing. Therefore, the increase in 

cutting speed leads to an increase in tooltip temperate generated.  

Fig.21 Temperature values for 1st and 2nd cutting tool one during dry machining 

From Figure 22 observed that, the variation of cutting tooltip temperature during dry 

machining of AISI 1045 steel with machining parameters for both cutting tools. Maximum 

temperature was obtained at cutting speed of 150m/min and 0.05mm feed, minimum 

temperature was obtained at cutting speed of 120m/min and 0.05mm/rev fed. on the same 

feed maximum and minimum temperatures are created at the cutting speed of 150m/min and 

90m/min respectively. 
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Fig.22 Feed Vs Avg. Temperature 

Figure 23 shows that the effect of feed on the tooltip temperature. It is observed that with an 

increase in first depth of the cutting temperature is continuously increased from initial up to 

final value of first depth. First depth of cut is directly proportional with the cutting tooltip 

temperature during ceramics inserted double cutting tool turning operations.  

Fig.23 First depth of cut Vs Avg. Temperature 

From Figure 24 shown that the relation of second depth of cut with tool tip temperature 

during dry turning of AISI 1045 steel. Maximum temperature is raised at cutting speed of 

90m/min on 0.1mm second depth of cut. 
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Fig. 24 Second depth of cut Vs Avg. Temperature 

The friction produced between the cutting tooltip and workpiece materials during the 

machining process influenced on cutting temperature in the cutting tooltip. The undesirable 

temperature produced in the cutting tool leads to rapid wear of cutting tool materials by 

softening of the tooltip. The cutting parameters (cutting speed, feed, and depth of cut) have 

been increased the cutting temperature, as reported. At an optimized feed of 0.4mm/rev, the 

temperature is reduced to 67.50C and 66.3oC cutting tool 1 and 2 respectively. Cutting tool 

temperature is direct proportional with cutting speed as shown from the figure 4.27 increasing 

cutting speed increases cutting temperature and results in shortening tool life 

Fig.25 Cutting speed Vs Avg. Temperature 

During the cutting of metal, the temperature of the interaction area of the cutting tool and 

workpiece becomes high. The temperature affects not only the rate of wear of the cutting tool 

but also the integrity of workpiece surface such as residual stress, hardness, and surface 

roughness. Dimensional inaccuracy of the job due to thermal distortion and expansion-
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contraction during and after machining. Surface damage by oxidation, rapid corrosion, and 

burning  

Analysis of Chip Morphology 

The chips from the machining test were collected, mounted, and measured. The type of chip 

is imperative in metal cutting operation because it influences the product accuracy, tool life, 

surface finish and operator safety. In general, chip control is greatly affected by cutting 

conditions used during machining operation. Figure 26 shows the photographic chip images 

obtained in machining operation during dry and with cutting fluid. In general, when the feed 

rate increases, then the chip thickness increases. From the observation of chips morphology 

was found that in dry machining chip size reduction and superior chip breakability over the 

wet machining. This impact is because of the viable infiltration of dry machining at the 

cutting zone, creating significant decreasing of cutting temperatures, reduces the friction 

between the contact surfaces and decreased bond between the chip and cutting tool coming 

about the reduction in chip size (Sivaiah & Chakradhar, 2016). At the point, when the feed 

rate was increased from 0.05 mm/rev to 0.15 mm/rev, it was seen that very long tabulated and 

very closely curled thin chips were obtained in wet machining. During dry machining 

conditions at the cutting zone, short tabular and closely curled thin chips were produced due 

to cutting temperatures and improved chip segmentation. In a dry environment improved chip 

breakability was observed in contrasted to wet environment, dry machining produced less 

thickness chips contrasted to wet machining as depicted. Also, dry machining avoids the chip 

cleaning compared to wet machining. 

Fig. 4.26 Chips generated during a) dry machining b) wet machining 

In analysing of chip morphology, Table 10 confirmed that as the feed reduced and the cutting 

speed increased, a reduction of chip thickness has occurred this is due to a substantial contact 
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area on the rake face and a small shear plane area at the low cutting speed which results in 

thinner chips formation. In contrast, an increase in chip thickness due to increased feed 

because of severe compressive stresses generated ahead of the tool rake, thereby a large 

volume of material becomes plastic deformation which resulted in a thick chip. The highest 

chip thickness which is 0.58 mm was achieved at maximum feed rate value, 0.15 mm/rev, 

and the lowest chip thickness 0.09 mm was achieved at lower feed rate value of 0.05 mm/rev. 

Also, the maximum and minimum length of chips were identified as the longest is 10.6 mm 

and the smallest is 4.8 mm respectively. For each nine experimental study measure the 

maximum, minimum thickness and length of chips generated from the double tool turning 

operations of AISI 1045 steel materials in dry and wet machining conditions. From the 

obtained measurement result maximum length and contineous curled chips obtained during 

wet machining conditions but minimum length and discontinuous chis mostly formed during 

dry machining conditions. And also maximum thickness of chips formed during wet 

machining conditions at maximum feed and depth of cut. 

Table 10: Obtained chips thickness (t) and length (l) 

  N
o 

of
 e

xp
er

im
en

t 

Cutting Parameters 

Double tool 

turning in dry 

machining 

Double tool 

turning with 

cutting fluid 

Speed 

(m/min) 

Feed 

(mm/rev) 

Depth-

1 (mm) 

Depth-

2 (mm) 

l 

(mm) 

t 

(mm) 

l 

(mm) 

t 

(mm) 

1 90 0.05 0.15 0.05 4.8 0.09 5.2 0.11 

2 90 0.1 0.2 0.1 5.6 0.13 5.8 0.26 

3 90 0.15 0.25 0.15 6.2 0.31 7.8 0.32 

4 120 0.05 0.2 0.15 6.8 0.12 7.2 0.16 

5 120 0.1 0.25 0.05 6.5 0.18 7.4 0.14 

6 120 0.15 0.15 0.1 8.2 0.38 9.3 0.41 

7 150 0.05 0.25 0.1 7.8 0.17 8.9 0.16 

8 150 0.1 0.15 0.15 7.1 0.26 7.6 0.32 

9 150 0.15 0.2 0.05 8.6 0.45 10.6 0.58 
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Comparison of Dry and Wet Machining Conditions 

In the experimental investigation were conducted on AISI 1045 in double cutting tool turning 

with ceramics inserted TNGA 160408 with tool holder MTJNR 2020 M10 type cutting tool at 

varying cutting parameters such as cutting speed, feed, first and second depth of cut under the 

wet and dry machining environments and performance characteristics of dry machining were 

compared with wet machining. This study reveals that machining parameters such as cutting 

speed, feed rate, and depth of cut have significant influence on the surface roughness during 

double tool turning process. The surface roughness was better at high cutting speed, low feed 

rate, and medium depth of cut during machining wet machining. In dry turning process 

surface finish was better at high cutting speed, medium feed, and low depth of cut. 

In the present study surface roughness (Ra) was considered as the quality characteristic of the 

machined surface because it is the mostly using in manufacturing industries. In both cutting 

environments, increasing pattern was observed for the surface roughness when the machining 

operations conduct with wet environment obtained good surface quality of product relative to 

machining operations operated under dry conditions. Minimum surface roughness value was 

obtained 0.81µm under wet machining environment and obtained 1.02µm under dry 

machining environment. Cutting peed was highly significant factor in both cutting conditions. 

Table 11: Percentage reduction of surface roughness in wet machining 

Exp.
No 

 Speed 
(m/min) 

 feed 
(mm/rev) 

depth1
(mm) 

depth2 
(mm) 

Surface roughness (µm) Percentage 
variation dry wet 

1 90 0.05 0.15 0.05 1.52 1.03 32.2% 
2 90 0.10 0.20 0.1 1.33 1.08 18.7% 

3 90 0.15 0.25 0.15 1.67 1.12 32.9% 

4 120 0.05 0.20 0.15 1.64 1.11 32.3% 

5 120 0.10 0.25 0.05 1.42 1.22 14.1% 

6 120 0.15 0.15 0.1 1.61 1.04 35.4% 

7 150 0.05 0.25 0.1 1.31 0.81 38.1% 

8 150 0.10 0.15 0.15 1.02 0.98 3.9% 
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9 150 0.15 0.20 0.05 1.27 0.82 35.4% 

Figure 12: shows that the comparison value during dry and wet machining environment in 

terms of surface roughness from this below figure observed that minimum surface roughness 

was obtained during wet machining conditions. So cutting conditions were one of the factor 

that affect quality of surface finish. 

The minimum surface roughness at experiment number eight was 1.02 µm in dry machining 

and 0.81µm in wet machining. It was noticed that maximum reduction of surface roughness 

was 38.1 % at experiment number seven and minimum reductions of surface roughness was 

3.9% at experiment number eight in wet machining when compared with dry machining. This 

variation is due to temperature raised between cutting tool and workpiece material.  

Fig.27 Comparison of surface roughness during dry and wet machining 

From the obtained measurement result maximum length and contineous curled chips obtained 

during wet machining conditions but minimum length and discontinuous chis mostly formed 

during dry machining conditions. And also maximum thickness of chips formed during wet 

machining conditions at maximum feed and depth of cut. This variation is due to temperature 

raised between cutting conditions in case on wet machining the chance of chip breakability 

was low. The temperature generated in cutting zone was less significant during wet 

machining for surface roughness. 

1 2 3 4 5 6 7 8 9
Dry machining 1.52 1.33 1.67 1.64 1.42 1.61 1.31 1.02 1.27
Wet machining 1.03 1.08 1.12 1.11 1.22 1.04 0.81 0.98 0.82
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Fig.28 Variations of generated chip length during the experiment 

From Figure 29 shows that the variation chip thickness generated during experimental study 

in dry and wet machining conditions. As observed maximum chip thickness was obtained 

during wet machining conditions at maximum value of feed.  

Fig.29 Variations of generated chip thickness during the experiment 

4. Conclusion

This study was focused on investigation of machining parameters carried out on the double 

cutting tool turning on AISI 1045 steel with ceramics inserted cutting tools. Comparative 

analysis of dry machining and wet machining were conducted. Taguchi L9 orthogonal array 

and signal-to-noise ratio method was used for optimization of input parameters such as 
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cutting speed, feed and depth of cut to investigate their effect on surface finish. Therefore, 

based on the experimental results the following conclusions were made:  

 In the dry turning; least surface roughness of 1.02 µm was achieved at the

combinations of cutting parameters 150 m/min cutting speed, 0.1mm/rev feed, 0.2mm

first depth of cut and 0.05mm and second depth of cut were achieved. During wet

turning operations minimum surface roughness of 0.81µm was obtained at the

optimum cutting parameters of 150m/min, 0.15mm/rev, 0.2mm first depth of cut and

0.1mm second depth of cut.

 During dry turning condition the most influential cutting parameter was cutting speed

is on 1st rank, the feed is on 2nd rank, first depth of cut is on 3rd and second depth of

cut is on 4th rank affecting surface roughness. During wet turning; cutting speed was

on 1st rank, the feed was on 2nd rank, second depth of cut was on 3rd and first depth of

cut is on 4th rank for surface roughness these ranks were according to percentage

contributions on good quality of surface roughness.

 Analysis of variance (ANOVA) shows cutting speed was the most significant

parameter for surface roughness followed by feed rate for both dry and wet cutting

conditions. The percentage contribution was 74.57% and 23.02% during dry turning,

respectively. Under wet cutting conditions the percentage contributions of cutting

speed and feed were 49% and 21.5% respectively.

 The optimum cutting condition for maximum MRR of 93.75 mm3/sec was obtained at

cutting speed of 150 m/min, feed of 0.15 mm/rev, first depth of cut of 0.2mm and

second depth of cut of 0.05mm. The Analysis of Variance justified the rank order of

significant parameters from responses for the mean of large was the better feed on 1st

rank, first tool depth of cut on 1st rank, speed on 3rd rank and second tool depth of cut

is on 4th rank. The most significant parameter for material removal rate was feed and

the next was depth of cut for first cutting tool.

 During dry machining the maximum average temperature of 80.30C on fist cutting

tooltip was measured and 72.30C was measured on the second cutting tooltip obtained

at experiment number seven (cutting speed of 150 m/min, feed of 0.05mm/rev, first

depth of 0.25mm and second depth of 0.1mm). At the minimum average temperature

obtained for experiment number one conducted by cutting depth of 90m/min, 0.05

mm/rev, 0.15mm first depth and 0.05mm. The minimum temperature measured was

46.50C for first cutting tool and 44.40C for second cutting tool.
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The investigation on chips morphology, generated from the wet machining did not show 

any thermal effect, however, chips produced from the dry machining exhibited bending of 

chip segments due to thermal softening and fracture. The maximum length and thickness 

of chips was generated during wet machining conditions 

Reference 

Bhushan, R. K., Kumar, S., & Das, S. (2010). Effect of machining parameters on surface 

roughness and tool wear for 7075 Al alloy SiC composite. The International Journal 

of Advanced Manufacturing Technology, 50(5–8), 459–469. 

https://doi.org/10.1007/s00170-010-2529-2 

Cakir, O., Yardimeden, A., Ozben, T., & Kilickap, E. (2007). Selection of cutting fluids in 

machining processes. Journal of Achievements in Materials and Manufacturing 

Engineering, 25(2), 99–102 

Dhar, N., Ahmed, M., & Islam, S. (2007). An experimental investigation on effect of 

minimum quantity lubrication in machining AISI 1040 steel. International Journal of 

Machine Tools and Manufacture, 47(5), 748–

753. https://doi.org/10.1016/j.ijmachtools.2006.09.017 

Karthik, M., Raju, V., Reddy, K. N., Balashanmugam, N., & Sankar, M. (2020). Cutting 

parameters optimization for surface roughness during dry hard turning of EN 31 

bearing steel using CBN insert. Materials Today: Proceedings, 26, 1119–1125. 

https://doi.org/10.1016/j.matpr.2020.02.224 

Sahijpaul, Y. (2013). Determining the Influence of Various Cutting Parameters on Surface 

Roughness during Wet CNC Turning of AISI 1040 Medium Carbon Steel. IOSR 

Journal of Mechanical and Civil Engineering, 7(2), 63–72. 

https://doi.org/10.9790/1684-0726372 

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 9, September 2021
ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72

www.ijiset.com

100

https://doi.org/10.1016/j.ijmachtools.2006.09.017


Singh, H., Sharma, S., Awasthi, V., Kumar, V., & Singh, S. (2013). Study of Cutting 

Parameters on Turning using EN9. International Journal of Advance Industrial 

Engineering, 1(2), 40–42. 

Syed Irfan, S., Vijay Kumar, M., & Rudresha, N. (2019). Optimization of Machining 

Parameters in CNC Turning of EN45 by Taguchi’s Orthogonal Array Experiments. 

Materials Today: Proceedings, 18, 2952–2961. 

https://doi.org/10.1016/j.matpr.2019.07.165 

Sivaiah, P., & Chakradhar, D. (2016). Influence of cryogenic coolant on turning performance 

characteristics: A comparison with wet machining. National Institute of Technology 

Karnataka, 1–39. 

Trikal, S. P., Patokar, P., & Patil, C. (2016). Evaluation of Surface Roughness of Mild Steel  

Component Turned using Multi Tool Turning Method. International Journal of 

IJISET - International Journal of Innovative Science, Engineering & Technology, Vol. 8 Issue 9, September 2021
ISSN (Online) 2348 – 7968 | Impact Factor (2020) – 6.72

www.ijiset.com

101


	Fig.1 Detailed multiview drawing and isometric view of the tool holder
	Fig. 2 Photo of the cutting tool holder (a) raw part and (b) machined
	Table1: Chemical composition of AISI 1045 steel from spectrometer testing

	Fig.3 Ceramics cutting tool insert
	Table 3: The experimental design of the cutting parameters by Minitab 17.

	Fig.5 Samples after turning process for both operations
	Optimization of Cutting Parameters in Dry Turning
	Table 4: Machining parameters and their levels for dry machining
	Experimental Values of Surface Roughness
	Table 5: Experimental results during dry turning process
	Fig.6 Number of experiments Vs Average surface roughness

	Interaction Effect
	Fig.7 Shows the effect of feed on surface roughness
	Fig.8 Shows the effect of first depth of cut on surface roughness
	Fig.9 Shows the effect of second depth of cut on surface roughness
	Fig.10 Shows the effect of cutting speed on surface roughness


	Optimization of Cutting Parameters in Wet Turning
	Experimental Values of Surface Roughness.
	Table 7: Experimental results for mean and signal to noise ratio.
	Fig.11 Minimum and maximum surface roughness

	Interaction Effect
	Fig.12 Shows the effect of cutting speed on surface roughness
	Fig. 13 Shows the effect of feed on surface roughness at different speed
	Fig.14 Shows the effect of primary depth of cut on surface roughness.
	Fig. 15 Shows the effect of secondary depth of cut on surface roughness.


	Analysis of Material Removal Rate
	Table 8: Material removal rate
	Fig.16 Variation of MRR during the experiment
	Fig.17 Effect of fed on MRR
	Fig.18 Effect of cutting speed on MRR
	Fig.19 Effect of primary depth of cut on MRR
	Fig.20 Effect of secondary depth of cut on MMR.

	Analysis of Cutting Tooltip Temperature
	Table 9: The measured temperature at tooltip
	Fig.21 Temperature values for 1PstP and 2PndP cutting tool one during dry machining
	Fig.22 Feed Vs Avg. Temperature
	Fig.23 First depth of cut Vs Avg. Temperature
	Fig. 24 Second depth of cut Vs Avg. Temperature
	Fig.25 Cutting speed Vs Avg. Temperature

	Analysis of Chip Morphology
	Fig. 4.26 Chips generated during a) dry machining b) wet machining
	Table 10: Obtained chips thickness (t) and length (l)


	Comparison of Dry and Wet Machining Conditions
	Table 11: Percentage reduction of surface roughness in wet machining
	Fig.27 Comparison of surface roughness during dry and wet machining
	Fig.28 Variations of generated chip length during the experiment
	Fig.29 Variations of generated chip thickness during the experiment

	4. Conclusion



